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© Recalibration system for led array. 

© A simple and reliable method of recalibrating a 
LED print head comprises providing a.photodetector 
array for detecting the intensity of illumination of 
each LED, comparing the actual intensity with a 
desired value and adjusting the level of current ap- 
plied to the LED array until the actual and desired 
values corresoond, at which time a memory storing 
the current leveels to be applied to the diode array 
is updated. One or, more reference diodes are pro- 
fit vided and employed in an initial step in which the 
^current applied to the reference diodes is adjusted 
until actual and desired current levels correspond, at 
J§ which time all stored current values for ail LED are 
<V4 updated. 
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RECAUBRAT10N SYSTEM FOR LED ARRAY 



This invention relates to a recaiibration system 
for a light emitting diode (LED) array for use in a 
print head of a line printer. 

A print head of a line printer may comprise an 
array of LED arranged in a line which may be as 
long as one metre, the line being composed of a 
tightly packed LED array with each LED providing 
one pixel of the image to be produced with 600 
pixel per inch. It is a Known problem that a tight 
tolerance in uniformity of light output in such a high 
quality print head is difficult to achieve and even 
more difficult to maintain. As ciodes degrade at 
different rates, an internal recaiibration system is 
essential to a printer with an expected life > 10.000 
hours. Calibration systems are known, see for ex- 
ample US-A-4596995 which require a usual inspec- 
tion of intensity levels by a human operator: such 
systems would not be suitable for a recaiibration 
system which can be operated automatically on a 
daily basis. 

In one aspect the invention provides a method 
of automatic recaiibration of a print head compris- 
ing an array of light emitting diodes (LED) each 
providing one pixel of an image to be printed, tfie 
method comprising :- - 

a) providing one or more photodetectors for 
detecting the intensity of illumination of the diodes; 

b) storing in memory data relating to individ- 
ual current levels to be applied to the respective 
diodes for illumination thereof, and storing in mem- 
ory data relating to individual intensities of illumina- 
tion; 

c) for each diode applying the respective 
current level and detecting the actual intensity of 
illumination with said one or more photodetectors, 
determining whether its actual intensity corre- 
sponds to the respective stored value of intensity 
of illumination, and if not adjusting the current level 
applied to the diode until the actual intensity cor- 
responds with the respective stored value of inten- 
sity; and 

d) replacing the data stored in memory with 
data relating to the adjusted current level. 

In another aspect the invention provides ap- 
paratus for use in the aforesaid method, the ap- 
paratus comprising an array of light emitting diodes 
(LED) each providing one pixel of an image to be 
printed, one or more photodetectors for detected 
the intensity of illumination of the diodes, a mem- 
ory storing data relating to current levels to be 
applied to the diodes for illumination thereof, and 
means for storing data relating to individual inten- 
sities of illumination of the diodes, means for deter- 



mining whether an actual intensity of illumination 
detected by said photodetectors corresponds with 
a stored value of intensity of illumination , means 
for adjusting the current levels to be applied to the 
s diodes, and means for replacing the data stored in 
memory with data relating to adjusted current lev- 
els. 

As preferred, cne or mere reference diodes are 
provided, which are normally held in a switched off 

;o condition and data is stcred in said memory relat- 
ing to desired current levels to be applied to the 
one or mere reference diodes to achieve desired 
intensities of illumination and prior to the step (c) of 
current level adjustment, the desired current level 

75 is applied to a reference light emitting diode and it 
is determined by means of said photodetectors 
whether the actual intensity of illumination cor- 
responds to the desired intensity of illumination, 
and if not the current level applied to the reference 

20 diode is adjusted until the actual intensity cor- 
responds to the desired intensity, the data stcred in 
memory is replaced with data relating to the ad- 
justed current level to be applied to the reference 
diode, and the data stored in memory relating to 

25 the desired current level to be applied to the LED 
of the print array is replaced with similarly adjusted 
current levels. 

A preferred embodiment of the invention will 
now be described with reference to the accom- 

30 panying drawings, wherein:- 

Figure 1 is a perspective schematic view or 
a print head for a line printer incorporating the 
present invention; 

Figure 2 is a block diagram of recaiibration 

35 apparatus in accordance with the invention; and 

Figure 3 is a flow diagram of the various 
recaiibration steps employed in the method of re- 
calibration according to the invention. 

40 Referring now to Figure 1 of the drawings there 
is shown a print head 2 for a line printer compris- 
ing an aluminium heat sink 4 on which is mounted 
a central thin film substrate 6 carrying integrated 
circuits 8 for control of the print head and carrying 

45 a central longitudinal array of light emitting diodes 
12. The diode array is formed as a row of LED 
chips positioned one adjacent to the other sc as to 
provide a continuous array of light emitting diodes 
which provide the pixel elements for a complete 

50 line of an image to be printed by the printer. The 
LED chips forming the diode array 12 are shown in 
more detail in our co-pencing aopiication (our ref 
F20424). Mounted directly above the diode array is 
a lens system 18 which consists of a number of 
short lengths of graded index lenses. A numcer of 
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sliicon photadetectors are provided in a slot 20 
parallel to the lens 18. Approximately 1 
photodetector per inch of diode array length is 
provided. The chips carrying the light emitting di- 
ode arrays also contain reference diodes 22 not 
forming part of the printing mechanism and nor- 
mally being switched off. 

The control circuitry mounted on the central 
thin film substrate 3 is shown in figure 2. The light 
emitting diode array 12 is driven by a current driver 
system 24 which is in turn controlled by a micro- 
processor control 26. The current driver system 24 
provides current puises of modulated width in each 
duty cycle of operation to the light emitting dicce 
array so as to provide the desired average current 
to each individual diode. Driver system 24 is coup- 
led to receive data from a memory 28 which con- 
tains information relating to the desired current 
levels to be supplied to each individual diode array 
in terms of the time duration of the current pulses 
to be applied on each duty cycle. A memcry 30 
contains information relating to the desired illu- 
mination level provided by each diode and also 
corresponding data for the reference diodes. Mem- 
ory 28 is an electrically erasable read only memory 
and memory 30 is a random access memory 
(RAM) The photodetector array 20 is coupled to a 
microprocessor control 26 in order to provide data 
to the control of actual illumination levels provided 
by the individual diodes of array 12. Microproces- 
sor control 26 is operative to compare these actual 
illumination levels with the desired levels stored in 
memory 30. An external control communicating by 
an interface 34 is also provided for initiating and 
controlling a recalibration sequence. An amplifier 
system 36 is provided coupled between 
photodetector array 20 and analogue to digital con- 
verting arrangement 38 for transmitting digital data 
to the microprocessor control. 

The data stored in memory 28 can be set at 
the manufacturing stage by consecutively illuminat- 
ing the individual diodes at a fixed drive current 
and recording the actual illumination provided by a 
single external photodetector. These results are 
then compared with a reference level ( which may 
be the lowest intensity output diode or an integral 
calibration diode) and all the diodes are then ad- 
justed in drive current by means of the micropro- 
cessor control to give the same light output as the 
reference value by a reprogramming of memory 28 
which stores the current values. Thus this gives a 
bar of uniform light intensity output along it's 
length.The LED are then individually illuminated 
and their light output as detected by photodetector 
array 20 is recorded and stored in memory 30. 

After a predetermined period of use and at 
appropriate intervals, say. in the initial warm up 
period ( perhaps about 15 minutes long) at the 



beginning cf a days work, a recaiib ration operation 
is carried cut which is snown in figure 3. As an 
initial step the reference diodes in the LED array 
which are normally inoperative are switched on and 

s the level of illumination provided by each reference 
diode is detectec by the photocetectors and com- 
pared with the desired value stored in memory 30 
If these values do not correspond, all the data 
stored in memory 30 is adjusted by the same ratio 

w in order to take account cf the changed conditions 
applying to the reference diodes, which may be 
caused by amoient conditions , or amplifier drift. 

As a next step, each individual diode of the 
array is illuminated individually in a sequence of 

;s steps and for each diode the actual illumination 
detected is provided by a photodetector arrange- 
ment 20 and this actuai illumination level is com- 
pared with the desired level stored in memory 30. 
If these two values do not correspond then the 

20 current level applied to the diode is adjusted by 
means or the microprocessor control adjusting the 
value in memory 28 and then when equality is 
reached between the desired and actual value of 
illumination, the adjusted current value for the light 

25 emitting diode is stored in memory. When the 
whole set of diodes has been calibrated, the cali- 
bration sequence is completed. 

It will be understood that because the refer- 
ence diodes are not normally in use, they will not 

30 degrade over a period of time. Normally two refer- 
ence diodes are provided per chip. If all the refer- 
ence diodes are employed in a recalibration opera- 
tion, slight changes in one or two diodes will not 
have a significant effect. 

35 

Claims 

1. A method of automatic recalibration of a 
40 print head comprising an array of light emitting 
diodes (LED) each providing one pixel of an image 
to be printed, the method comprising :- 

a) providing one or more photodetectcrs ror 
detecting the intensity of illumination of the diodes; 
45 b) storing in memory data relating to individ- 

ual current levels to be applied to the respective 
diodes for illumination thereof, and storing in mem- 
ory data relating to individual intensities of illumina- 
tion; 

50 c) for each diode aoplying the respective 

current level and detecting the actual intensity cf 
illumination with said one or more photodetectors, 
determining whether its actual intensity corre- 
soonds to the respective stored value of intensity 

55 of illumination, and if not adjusting the current level 
applied to the diode until the actual intensity cor- 
responds with the respective stored value of inten- 
sity; and 
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d) replacing the data stored in memory with 
data relating to the adjusted current level. 

2. A methcd as claimed claim 1 wherein said 
method further comprises providing one or more 
reference light emitting diodes which are normally 
held in a switched off condition and storing in said 
memory data relating to individual currents levels 
to be applied to the one or more reference diodes 
to achieve respective intensities of illumination and 
prior to the step (c) of current level adjustment, 
applying the respective current level to a reference 
light emitting diode and determining . by means of 
said photodetectors whether the actual intensity of 
illumination corresponds to the respective stored 
value of intensity of illumination, and if not adjust- 
ing the current level applied to the reference diode 
until the actual intensity corresponds to the stored 
value of intensity, replacing the data stored in 
memory with data relating to the adjusted current 
level to be applied to the reference diode, and 
replacing the data stored in memory relating to the 
desired level to be applied to the LED of the print 
array with similarly adjusted current levels. 

3. A method as claimed in claim 1 wherein the 
current level data is stored in a reprogrammable 
read only memory and the data relating to individ- 
ual intensities of illumination is stored in RAM. 

4. A method as claimed in any preceding cfaim 
wherein each diode in said array is recalibrated 
individually in a sequence of recaiibration, steps. 

5. A method of recaiibration of a print head 
substantially as described with reference to the 
accompanying drawings. 

6. Apparatus for use in the method of re- 
calibrating a print head as claimed in claim 1 , the 
apparatus comprising an array of light emitting 
diodes (LED) each providing one pixel of an image 
to be printed, one or more photodetectors for de- 
tected the intensity of illumination of the diodes, a 
memory storing data relating to current levels to be 
applied to the diodes for illumination there of, and 
means for storing data relating to individual inten- 
sities of illumination of the diodes, means for deter- 
mining whether an actual intensity of illumination 
detected by said photodetectors corresponds with 
a stored value of intensity of illumination , means 
for adjusting the. current levels to be applied to the 
diodes, and means for replacing the data stored in 
memory with data relating to adjusted current lev- 
els. 

7. Apparatus as claimed in claim 7 including 
one or more reference light emitting diodes which 
are normally held in a switched off condition, and 
wherein said memory stores data relating to in- 
dividual current levels for illuminating the reference 
diodes and individual levels of intensity of the 
reference diodes. 



8. Apparatus as claimed in claim 7 wherein 
said light emitting diode array and said reference 
diodes are mounted on a plurality of LED chips. 

9. Apparatus as claimed in claim 7 including a 
s reprogrammable read only memory for storing said 

current level data, and a rancom access memory 
for holding said intensity data during a recaiibration 
operation. 
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© Recalibration system for led array. 

@ A simple and reliable method of recalibrating a LED print 
head (2) comprises providing a photodetector array (20) for 
detecting the Intensity of fllumlnation of each LED, comparing 
the actual intensity with a desired value and adjusting the level 
of current applied to the LED array (12) until the actual and 
desired values correspond, at which time a memory storing the 
current leveels to be applied to the diode array is updated. One 
or more reference diodes (22) are provided and employed in an 
initial step In which the current applied to the reference diodes 
is adjusted until actual and desired current levels correspond, 
at which time all stored current values for all LED are updated. 
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